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Sphingolipid profiles have been determined for whole 
epidermis, a subcellular fraction enriched in lamellar 
granules, and a fraction enriched with stratum corneum 
derived from fetal rat skin. In each case, 4 groups of 
glucosylceramides and 6 gr.oups of ceramides have been 
identified by thin-layer chromatographic comparison 
with structurally defined sphingolipids from pig epider-
mis_ The relative amounts of the sphingolipids in each 
preparation have been quantified by photodensitometry 
of the charred chromatograms. Lamellar granule sphin-
golipids had e levated proportions, relative to whole ep-
idermis , of acylceramides, acylglucosylceramides, and a 
glucosylceramide fraction which may be produced by 0 -
deacy lation of the acy lglucosy leer am ides. The fetal stra-
t um corneum-enriched samples contain r ed uced propor-
tions of a ll glucosylceramides and acylceramides as com-
pared to lamellar granule lipids. The possible functions 
of these sphingolipids in the assembly and structure of 
lamellar granules are discussed. 
The barri er to water in stratum co rneum appears to reside 
in the extracellula r materials that fill the spaces between the 
ce ll s of t he stratum corneum [1 - 4]. This material , which fo rm s 
b road m e mbranous sheets, co nsists principally of lipids and is 
t hought to a rise from t he co ntents o f lame lla r granu les extruded 
from epidermal ce lls [4,5 ]. Although the ultrast ructure and 
histochemistry of both t he s tratum co rn eum a nd the lamell ar 
granules have now bee n ex te nsive ly studied, o nly stratum co r-
neum h as bee n previously subjected to detailed li pid and prote in 
a nalysis. La mellar granules have only recently bee n iso lated in 
partially purified form [6,7] a nd studies of t heir lipid co ntent 
are still prelimina ry [7,8]. 
Stra t um co rneum lipids consist principally of choleste rol, 
free fatty ac ids, a nd ceramides, with onl.v sma ll a mounts o f 
glyco lipid and li ttle if a ny phospholipid. The ceramides have 
been of considerable interest because th is structural ly hetero-
geneous group represents the major polar lipids from which the 
extracellula r membranous st ructures of the stratum corneum 
a re constructed. Although the tructural heterogeneity a mong 
t he ceramides was indicated by the ea rlie r wo rk of Gray a nd 
W hite [9], it was on ly recently that the individual structures of 
t he epidermal ce ramides were e lucidated [10]. The most unu -
sual of these ce ra mides is a n acylcera mide wh ich conta ins a 
high proportion of este rified lino leic acid a nd an a mide -linked 
hydroxyacid. The hydroxyac id moiety is of sufficie nt length to 
completely spa n a typi ca l unit membrane, a llowing the linoleate 
to extend into an adjace nt bilaye r. 
In essentia l fa tty acid deficiency, abnormalities of structure 
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and function in t he epidermis include a de fective wate r barrier. 
This latter defect appears to be due to a direct requirement for 
linoleic acid independe nt of its role as a precursor for prostanoid 
synthesis [ll - 13 ]. In essentia l fat ty ac id-de fi cient ep idermis, 
the lamellar granules lack interna l structure and t he extracel -
lula r sheets o f t he stratum corn eum appear to be spa rse a nd 
fragmentary [14]. The acy lceramide a nd t he structura lly re lated 
acylglucosy lce ra mide [ 15,16], which are ca rri e rs of linoleate 
have bee n postulated to carry out membrane-o rga nizin u a nd 
stacking fun ctions [10,17]. " 
In the present investigation, t he ceramides a nd glucosylcer-
amides from fetal rat epidermis have been examined by quan -
titative t hin -laye r chromatography. Lipid profi les have bee n 
dete rmined for whole epidermis, a fra ction enri ched in stratum 
corn eum, and a fraction of partia lly purified la mellar uranules 
in order to examine the rela tive content o f t hese li1; ids a nd 
their relationship to function of the skin. 
MATERIALS AND METHODS 
Fetal Rat Skin Fractions 
Pregnant Sprague-Dawley (Holtzman) rats were sacrificed at :20 
days of gestation. Whole fetal epidermis and a lamellar granule-en-
riched fraction were prepared as previously described [6,18]. Briefly, 
eptdermiS was separated from whole skins after incubation with 0.1 M 
dithiothreitol, and lamellar granules were purified on the basis of 
buoyant densi ty by metriza mide-gradient centrifugation . A stratum 
corneum -ennched preparation was obta ined from full -thickness fetal 
epidermis by trypsini zation as previously described [19] . Samples ho-
moge nized 111 0.:25 M sucrose were kept frozen on dry ice prior to further 
processing and lipid extract ion as desc ribed below. 
Lipid Extraction 
Samples representing approximately 4 g of whole feta l epidermis 
were quickly thawed and transferred to 25-ml Ehrlenmeyer flasks. 
These sa mples were refrozen and ta ken to dryness by lyophilization. 
The dried mate ria l was extracted successively with 10-ml portions of 
chloroform:methanol, 2: l , l: I , and 1:2. Each extraction was conducted 
at room temperature for a period of 2 h. Combined extracts were 
fi ltered through a cotton plug, taken to dryness under a st rea m of 
nitrogen, and redissolved in 5 ml of chloroform:methanol, 2:1. To this 
solution, l ml of water was added [:20 ]. The result ing lower phase was 
transferred to a second tube and washed with an add itional 3 ml of 
theoretical upper phase [20] . The combined upper phases and the lower 
c hlorofo~m phase were taken to dryness under nitrogen. Finll l drying 
was ac lueved 1n vacuo. The upper phase was found to contain only 
sucrose and metriza mide. The lower phase, which cont ained the lipids, 
was redissolved at a concentration of 10 mg/ ml of chloroform:methanol, 
1:1 , and analyzed by thin -layer chromatography as described in the 
following section. 
Thin -Layer ChromaloJiraphy 
All th in -layer chromatography employed 20 x :20 em glass plates 
coated with a 0.5 mm -thick layer of silica gel 60H (E. M. Reagents, 
Darmstadt, West Germany). Plar.es were activated at llO'C, washed 
with chloroform:methanol, 2:1 , and scored into 6 mm -wide lanes prior 
to use. One sample or standard was app lied to each lane. Development 
with chloroform:m ethanol:water, 40:10:1, resolved 4 groups of gluco-
sylceramides from the combined ceramides plus nonpolar lipids. The 
individua l ceramide fractions were resolved and separated from the 
nonpolar materials by development of a second plate with chloro-
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form:methanol:acetic acid, 190:9:1. After solvent development, the 
chromatograms were air dried, sprayed with 50% ~ulfuric acid, and 
charred on a 22o·c hotplate. The charred lipids were quantitated by 
photodensitometry as previously described [21 ,22 ]. 
Identification of Sphingolipids 
Four glucosylceramides and 6 ceramide fractions were recently iso-
lated from pig epidermis and are now structurally defined [10,16,23]. 
These materials served as thin-layer chromatographic standards for 
the identification of the fetal rat sphingolipids. Also, glucosylceramides 
were noted to produce a characteristic red-violet color prior to charring 
when heated in the presence of sulfuric acid. Identities of the 0-
acylceramides and 0-acylglucosylceramides were supported by chro-
matography before and after a mild saponification. Samples were 
saponified by treatment with 1 M methanolic potassium hydroxide for 
1 h at 6o· c. After neutralization with HCl, products were extracted 
into chloroform, concentrated and compared with the original lipid 
mixture on thin- layer chromatography. Saponification converts acyl-
glucosylceramide to a fraction C glucosylceramide [23], while acylcer-
amide (ceramide fraction 1) reacts to produce a fraction 3 ceramide 
[10]. 
RESULTS 
Sphingolipid compositions found for whole feta l rat epider-
mis, a lamellar granule-enriched preparation, and a fetal stra-
tum corneum-enriched fraction are summarized in Table I. 
Four series of glucosylceramides and 6 series of ceramides have 
been identified by thin-layer chromatographic comparison with 
previously characterized pig epidermal sphingolipids [10,16, 
23]. Acylglucosylceramide (glucosylceramide A) and acylcer-
amide (ceramide 1) identities were supported by the fact that 
these materials react during a mild saponification, whereas the 
other sphingolipids are unreactive. 
Comparing the lamell ar granule sphingolipid profile with 
that of whole epidermis, it is apparent that lamellar granule 
lipids contain higher proportions of glucosylceramides A and C 
and ceramide 1. In accord with earlier reports on lipid compo-
sition of different epidermal strata [19,24], the stratum cor-
neum-enriched preparation contains only small amounts of 
glucosylceramides relative to ceramides. These glycolipids may 
be contributed by the incompletely cornified outer layers of the 
feta l stratum corneum [25]. Also, the stratum corneum contains 
a lower proportion of ceramide 1 and a higher proportion of 
ceram ide 3 as compared to lamellar granule lipid. 
In Fig 1 are shown representative structures of the acylcer-
am ide and acylglucosylceramide which have previously been 
characterized from adult rat epidermis [26]. In the rat, a com-
ponent of ceramide fraction 3 corresponds to the 0-deacylated 
version of ceramide 1 [26], and glucosylceramide fraction C 
contains a component corresponding to an 0-deacylated con-
gener of the acy lglucosylceramide. 
TABLE !. Sphingolipids from fetal rat epidermis 
Sphingolipid Lamellar Whole Stratum granules ep idermis corneum 
Clucosylceramide A 
(acylglucosylce ramide) 7.8" 4.0 1.6 
Clucosylceramide B 2.9 3.5 1.2 
Clucosylceramide C 8.8 1.2 0.4 
Clucosylceramide 0 tr tr t r 
Ceram ide 1 
(acylceramide) 32.3 19.3 15.8 
Ceramide 2 24 .6 26.8 35.8 
Ceramide 3 12.9 24.8 28.6 
Ceramide 4 2.4 4.3 4.0 
Ceramide 5 6.0 13.6 11.5 
Ceramide 6 2.5 3.2 3.1 
"Results are presented as weights percent. Each value represents the 
mean of 2 separate experiments, and average deviations from the mean 
were ± 20% relative. Clucosylceramides and ceramides are named in 
accord with previously used nomenclature [10,23]. 
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FIG 1. Structures of the acylceramide (ceramide 1) and the acylglu-
cosylceramide (glucosylceramide A) from rat epidermis [26]. Similar 
molecules have been found among the epidermal sphingolipids of the 
horse [28] and pig [10,16]. Important features of these structures are 
the length of the w-hydroxyacids and the presence of ester-linked 
linoleic acid. 
DISCUSSION 
Indirect histochemical methods [27], as well as more direct 
preliminary analyses [7,8], have indicated the presence of both 
ceramides and glucosylceramides in epidermal lamellar bodies. 
However, the small amounts of materials which can be prepared 
by present methods and the lack of appropriate chromato-
graphic standards have precluded more detailed analyses of 
these sphingolipids. In the present study, the recently charac-
terized ceramides [10] and glucosylceramides [16,23] from pig 
epidermis have been used to identify simi lar components among 
the lamellar granule lipids. Thin-layer chromatographic anal-
yses have revealed that the lamellar granules contain 4 gluco-
sylceramide fractions and 6 ceramide fractions, each with its 
counterpart among the pig epidermal sphingolipids. 
Of greatest interest are the acylceramides and acylglucosyl-
ceramides. The analogous materials from pig [10,16], horse 
[28], and adult rat epidermis [26] have now been characterized 
in detail. They have been shown to contain high proprotions of 
ester-linked linoleic acid and amide-linked long-chain w-hy-
droxyacids, and it has been suggested that these structures may 
serve to stack up the lipid lamellae that are observed within 
lamellar granules [10,17]. In this regard it is of interest that 
the lamellar granule fraction is enriched in both of these linoleic 
acid-rich lipids as compared to full-thickness epidermis. The 
lamellar granule sphingolipids also have an elevated proportion 
of glucosylceramide fraction C which may arise by 0-deacyla-
tion of the acylglucosylceramide. 
It has been suggested that the lamellae of the lamellar 
granules may represent stacks of flattened liposomes [29 ]. 
Within this context, the possibility has been raised that the 
acylceramide may promote flattening of the liposomes [10] 
while the acylglucosylceramide may serve to hold together 
adjacent liposomes [17]. These suggestions were in part based 
upon the usual asymmetric distribution of glycolipids in mem-
branes and upon the relative dimensions of the polar regions 
of these molecules. The acylglucosylceramides are capable of 
spanning the somewhat larger polar regions which appear to 
correspond to the interliposomal regions of the lamellar gran-
ules [29] . The demonstration in the present report of elevated 
proportions of acylceramides and acylglucosylceramides in the 
lamellar granule fraction supports these speculations. 
It is also of interest to compare the sphingolipid profiles for 
lamellar granule and stratum corneum fractions. It is a striking 
result that the proportions of all of the glucosylceramides and 
ceramide 1 are reduced in going from the lamellar granule to 
stratu~ corneum, while the proportions of a ll of the remaining 
ceram1des, especially ceramide fraction 3, are increased durin<> 
this transition. There apparently is considerable enzymati~ 
remodeling of the epidermal sphingolipids during or after ex-
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t rusion from the lamellar granule. Hydrolases specific for acyl-
glucosylceramides have not yet been demonstrated but frac-
tions enri ched in lamellar granules do contain a variety of acid 
h y drolases including phospholipases [8]. Thus lipid remodeling 
w hic h appears to include degradation of glycosylceramides and 
partial hydrolysis of ceramide 1 may occur via enzymes also 
p ack aged in lamellar granules. Nevertheless, a s ignificant level 
of ceramide 1 is retained in the stratum corneum, where it may 
function in cement ing together the ext racellular lipid sheets 
t h at make up t he barrier to water loss. 
REFERENCES 
1. Breathnach AS, Goodman T , Stolinski C, Gross M: Freeze fracture 
replication of ce lls of stratum corneum of human epidermis. J 
Anat 114:65-81, 1973 
2 . Squier CA: The permeabili ty of keratinized and nonkeratinized 
ora l epithelium to horseradish peroxidase. J Ultrastruct Res 
43:160- 177, 1973 
3 . Elias PM, Friend DS: The permeabili ty barrier in mammalian 
epidermis. J Cell Bioi 65:180- 191, 1975 
4. Matoltsy AG: Keratinization. J Invest Dermatol 67:20- 25, 1976 
5. Lavker RM: Membrane coating granules: the fate of the discharged 
la mellae. J Ult rastruct Res 55:79- 86, 1976 
6. Freinkel RK, Traczyk TN: A method for part ial purification of 
lamellar granules from feta l rat epidermis. J Invest Dermatol 
77:4 78- 482, 1981 
7. G r ayson S, J ohnson· Winegar AD, Elias PM: Isolation of lamella r 
bodies from neonata l mouse epidermis by selective sequential 
filtration . Science 221:962- 964, 1983 
8 . Freinkel RK: The lipids and acid hydrolases of lamellar granules 
(abstr). J Invest Dermatol 78:338, 1981 
9. Gray GM, White RJ: Glycosphingolipids and ceramides in human 
and pig epidermis. J Invest Dermatol 70:336- 341, 1978 
10. Wertz PW, Downing DT: Ceramides of pig epidermis: structure 
determination. J Lipid Res 24: 759-765, 1983 
11. Prottey C, Hartop PJ, Black JG , McCormack JI: The repair of 
impaired epidermal barrier function in rats by the cutaneous 
application of linoleic acid. Br J Dermatol 94:13- 21, 1976 
12. Prottey C: Investigation of fun ctions of essent ial fatty acids in the 
skin . Br J Dermatol 97:29- 38, 1977 
13. Elias PM, Brown BE, Ziboh VA: The permeability barrier in 
essent ial fatty acid deficiency: evidence for a direct role for 
EPIDERMAL SPHINGOLIPIDS 195 
linoleic acid in barrier function . J Invest Dermatol 74:230- 233 
1980 , 
14. El ias PM, Brown BE: The mammalian cutaneous permeability 
barrier. Defective barrier fu nction in essential fatty acid defi-
ciency correlates with abnormal intercellular lipid deposition. 
Lab Invest 39:574- 583, 1978 
15. Gray GM, White _RJ , Majer JR: 1·(3'_-0-Acyl)-iJ-glucosyl-N-
dihydroxypentatn acontadienoylsphmgosme, a major component 
of the glucosylceramides of pig and human epidermis. Biochim 
Biophys Acta 528:127-137, 1978 
16. Wertz PW, Downing DT: Acylglucosylceramides of pig epidermis: 
structure determination. J Lipid Res 24:753- 758, 1983 
17. Wertz PW, Downing DT: Glycolipids in ma mmalian epidermis: 
structure and function in the water barrier. Science 217:1261-
1262, 1982. 
18. Freinkel RK, Traczyk TN: Acid hydro lases of the epidermis: local-
ization and relationship to cornification. J Invest Dermatol 
80:441-446, 1983 
19. Gray G M, Yardley HJ: Different populations of pig epidermal cells: 
isolation and lipid composition. J Lipid Res 16:44 1- 447, 1975 
20. Folch J, Lees M, Sloane-Stanley GH: A simple method fo r the 
isolation and purification of tota l lipids fro m animal tissues. J 
Bioi Chem 226:497-509, 1957 
21. Downing DT: Photodensitometry in thin-layer chromatographic 
analysis of neutral lipids. J Chromatogr 38:91-99, 1968 
22. Downing DT , St ranieri AM: Correction for deviation from the 
Lambert-Beer law in t he quant itation of t hin -layer chromato· 
grams by photodensitometry. J Chromatogr 192:208-211, 1980 
23. Wertz PW, Downing DT: Glucosylceramides of pig epidermis: 
structure determination. J Lipid Res 24:1135- 1139, 1983 
24. Yardley HJ , Summerly R: Lipid composition and metabolism in 
normal and diseased epidermis. Pharmacal Ther 13:357- 383 
1981 ' 
25. Holbrook. KA : Structure and function of t he developing human 
skm , BIOchemistry and P hys iology of the Skin. Edited by LA 
Goldsmith. New York, Oxford Univ Press, 1983, pp 64- 101 
26. Wertz PW, Cho ES, Downing DT: Effect of essential fatty acid 
defi ciency on the epidermal sphingolipids of the rat. Biochim 
Biophys Acta 753:350- 355 1983 
27. Elias: PM, Goerke J, Friend DS: Mammalian epidermal barrier 
hpids: compositiOn and mlluence on structure. J Invest Dermatol 
69:535- 564, 1977 
28. Wertz PW, Colton SW VI, Downing DT: Comparison of the 
hydroxyacids from t he epidermis and from the sebaceous glands 
of the horse. Comp Biochem Physiol [B] 75:217- 220, 1983 
29. Landmann L: Lamellar granules in mammalian avian and repti lian 
epiderm is. J Ult rastruct Res 72:245- 263, 19SO 
